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Abstract  
Transport sector has been one of the major sectors to worsen the air pollution in Surabaya City. Air pollution concentration vary 
across location and time, however it hasn't been clarified yet. To fill in this gap, this study examines spatial and temporal 
variations of air quality based on a multilevel model. We use six air quality data NO, NO2, SO2, O3, CO and PM10, from February 
2001 to September 2002, measured with interval 30-mins at five monitoring stations which represents land use characteristics at 
different locations. Therefore it is hypothesized that high variance of air quality should be observed among stations. To obtain 
how land use affects the concentration, we use monthly data. A multilevel model was estimated by including a group-level 
predictor (here, refers to stations) and individual (refers to measurement at the same location). Temporal variations were analyzed 
by introducing seasonal, day-to-day, and peak concentration time variations. We note that the shares of locations are small, 
indicating that the concentrations do not depend on locations. Also, the model result shows that the air quality related to traffic 
volume (NO2) are generally lower in suburban area (Sukomanunggal). Moreover, the quality of SO2 and CO is lower in suburban 
indicating low industrial activities. We also notice an upward trend of air pollution, indicating the growth of Surabaya’s vehicle 
volumes. Significance interaction between NO, NO2, and O3 was confirmed. The most obvious meteorology impact on all air 
pollutants are coming from all factors. There is the necessity to urban planning management to add green spaces as part of efforts 
to reduce ambient concentrations.  
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1. Background 
Urban air quality is influenced by various factors, such as growth of population and economic activities, increase 
of car ownership and usage, heavy dependence on the use of fossil resources in our society, and meteorological 
factors. It is crucial for policymakers to formulate better solutions to improve air quality by deriving any inferences 
from above factors. Urban emissions have become main problems of atmospheric problems such as ozone layer 
depletion, photochemical smog, global warming and climate change (Elbir et al., 2010; Ramanathan & Feng, 2009, 
Mamtimin and Meixner, 2011). To deal these problems of city level, air quality in cities have to be monitored and 
managed. One of the bad effect of worse air quality is photochemical smog, occurs when primary pollutants interact 
each other in the presence of sunlight which result a set of hazardous secondary pollutants. The most important 
primary pollutant is ozone. Ozone (O3) is known to be primary constituent of photochemical smog, formed by its 
two main precursors, NOx, and VOC (Seindfeld and Pandis, 1998). Ozone level is formed by complex and non-
linear photochemical reaction of precursors from both anthropogenic and biogenic sources, with the presence of 
sunlight intensity (Khoder, 2009). Reactions as well as interactions between pollutants and meteorological aspects 
make ozone difficult to model.  
Surabaya City, as second largest city in Indonesia, is vulnerable to severe air pollution.  It was reported by 
Chamida (2004) that there were 7, 11 and 2 days in 2001, 2002, and 2003 respectively which categorized as 
unhealthy days, mainly due to transportation sector (Chamida, 2006). These facts trigger the necessity to issue 
various environmental policies (e.g. Blue Sky Program) and had gained interest for air pollution control strategy. 
There were also few studies that incorporate stochastic method to develop relationship of air quality with vehicle 
volume, environment, social and psychology, and health (Purwanto, 2007; Irsyada, 2011; Rachmani, 2007; Samino, 
2010; Rahmawati, 2008). However, they only account for a segment of variables and did not include a set of factors 
that adequately represent contribution to the concentration. To the authors’ best knowledge, there is no studies have 
been done to comprehensively examine spatial and temporal variations and their effect to the concentrations of all 
air pollutants using monitoring data in this particular city.  
Many models have been developed to investigate factors affecting ambient air pollutant concentrations. Models 
such as multiple linear and non-linear regressions and time series technique have been used (Gardner and Dorling, 
2005; Geladi, 1999). Nugroho et al. (2013) briefly explains some drawbacks of these models, for example, a non-
linear relationship among variables, interaction between variables in the model structure are not easy to be described 
using simple linear regression models. A study by Samino (2010) calculated level of ambient air pollution in 
Gayungan and Gebang Putih stations in 2008 using linear regression. Because the author just used one-year data and 
classical linier regression, the method was not capable to include between stations variation, Therefore, an 
alternative model is required. 
In the present study, we employ a multilevel model to explore factors affecting air quality. Multilevel models are 
a regression model with more than one level that has parameters on its own estimated from data (Gelman and Hill, 
2007). We assumed if variation between-station is higher than within-station variation, then we can conclude that 
observed variations of air quality is mainly due to difference of locations/land-use. Based on the above background, 
in this study, we capture and explain unobserved heterogeneity of monitoring station air quality data. We 
quantitatively assess various components which correspond to the variation caused by unobserved heterogeneity 
within monitoring stations and among locations. Therefore, the main objectives of the present study are: 1) study of 
the diurnal and seasonal variation of six air pollutants and 2) investigate air pollutants spatio-temporal factors along 
with meteorological factors, we also identify visually correlation between traffic volume and concentration of 
traffic-related emission. 
2. Study area and data 
2.1. Study domain and monitoring stations 
The present study covers the Surabaya City area (374.78 km2) with over 3 million in population. It has serious air 
pollution problems due to high emission activities and therefore several improving strategies had been implemented 
by installing five monitoring stations. Fig. 1 shows the geographical distribution of the five monitoring stations over 
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a city map. Stations 3 and 5 represent suburban areas, respectively referred to as suburban area 1 (Sukomanunggal 
area) and suburban area 2 (Sukolilo area) in this paper. Stations 1, 2, and 4 represent the city center, trading zones, 
and highways, respectively. Sensors were on 5 m above the ground. We limit our pollutants to those that are 
monitored over the network. The air pollutants are particulate matter 10 um (PM10), sulphur dioxide (SO2), ozone 
(O3), nitrous oxide (NO), carbon monoxide (CO), and nitrogen dioxide (NO2). The supportive parameters are wind 
direction, wind speed, ambient moisture, humidity, temperature, and global radiation. All processes are handled by 
Air Quality Laboratory of Environmental Agency, Surabaya City Government. The shortest time interval of data 
captured is 30-mins. 
 
Fig. 1. Monitoring stations in Surabaya City: A. Station 1 (city center), B. Station 2 (trading area), C. Station 3 (suburban area 1), 
D. Station 4 (highway corridor), E. Station 5 (suburban area 2) 
2.2. Data availability 
In the present study we employ 30-mins interval data from 1 February 2001 to 30 September 2002. There are 
145,681 data obtained from each station. However, there are missing values as observed on Table 1 below. In order 
to avoid the bias caused by missing values, we applied missing value imputation using Expectation Maximization 
Based algorithm (EMB-algorithm) available on a Amelia package on R open source software. To form a 
multivariate normal distribution of variables, NO are square-root-transformed. Other variables are also square root-
transformed: O3, SO2, PM10, CO, and wind speed. After such an imputation, missing rates of data are improved as 
shown in Table 1 below. 
 
Table 1. Missing rates (percentage) of data availability before and after imputation 
Rate of missing values (%) NO NO2 O3 SO2 CO PM10 
Before imputation 15.61 14.32 15.15 15.26 12.84 19.3 
After imputation 1.75 2.14 0.0535 0.345 0.041 0.0316 
3. Multilevel model 
We develop a multilevel model with explanatory variables which is expressed as follows: 
1
2 
3 
4
5
Residential
Services and Trading
Open Green Area
Final Disposal Site
Public Facility
Industry and Warehouses
Street Vendor Zones
Boezem
Mangrove
Embankment
River
Fields
Empty Land
Port
Military Area
Offices
Education
Coast
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yij = αj[i] + βxijPRj + ϵi                                                                                      (1) 
 
where yij is measurable data of air quality (either NO, NO2, O3, SO2, CO, and PM10) i at monitoring station j, αj[i] 
and βare unknown parameters that is to be estimated, xij indicates explanatory variables: dummy variables of spatial 
locations, seasons (dry and wet seasons) and dummy variable of day of monitoring, interaction between pollutants, 
and meteorological factos. PRj and ϵi represent random components indicating between-station variation and within-
station variation respectively. Explanatory variables are assessed and the significance of each predictor is tested 
using Chi-square test based on the deviances of the model. We exclude PM10 from interaction among pollutants as 
PM10 are inert gaseous particles where its deposition mainly due to physical properties. All estimation in this study 
were conducted using the R statistical software with lmer() function (a multilevel code in a package).   
4. Results and discussions 
4.1. Diurnal variation 
Fig. 2 below shows weekly diurnal variation of each pollutant from Thursday to Wednesday, averagely taken 
from February 2001 to September 2002 using 30-mins interval data. As previously mentioned, 30-min interval 
showed most accurate description, and business and industry activities are diversified by week. The diurnal cycle of 
NO, NO2 are shaped like double waves, with morning peak is higher in magnitude then evening peak. The decrease 
of NO and NO2 correlates with an increase in O3 (Han, 2011). The concentrations of NO increased at time between 
5-8 am in all stations, however we also observe another increase, although not as high as in the morning on city 
center, trading, highway, and suburban 1 (Sukomanunggal area) zones. These results are similar with diurnal 
concentration on Tianjin, China, as reported by Han (2011). Average weekly diurnal cycle for O3 were generally 
lower in trading zone, while higher in suburban area and city center. The concentration increased and reached its 
peak between 9.30-1.30am in all locations, takes place on mid-day, in agreement with Han (2011). The average 
concentration appears to be higher on suburban 1 (Sukomanunggal), similar within Jakarta and Tianjin, China 
(Nugroho et al., 2013, and Han, 2011). 
 
   
(a) NO (b) NO2 (c) O3 
  
 
(d) SO2 (e) CO (f) PM10 
Fig. 2. Weekly variation of average pollutants: (a) NO, (b) NO2, (c) O3, (d) SO2, (e) CO, and (f) PM10 concentrations 
 
616   Arie Dipareza Syafei et al. /  Procedia - Social and Behavioral Sciences  138 ( 2014 )  612 – 622 
Furthermore, we notice that SO2 concentrations were generally lower in suburban area, while higher in city 
center and trading zone. The concentrations of CO increased and reached its peak between 6.30-8am in the morning 
and between 6-10pm in all stations. The average concentration of CO also shows seasonal variation. The 
concentrations of PM10 increased and reached its peak in around 5.30-8.30am, indicating peak flow of activities. The 
highest average of PM10 concentration is measured on highway zone. Average weekly diurnal cycle for PM10 was 
generally lower in suburban, while higher in highway. 
4.2. Multilevel model results 
Table 2 shows the model result explaining all variables. In terms of spatial distribution, the estimate for O3 on 
highway zone is noticed to be the largest, being the city center with lowest estimate. The result is in agreement with 
Zhang and Oanh (2002) where O3 levels were observed to be high on areas except locations where the traffic is high 
and when there is a curbside on that particular location. Fig. 3 shows traffic distribution over Surabaya City from 
motorbike, private car on year 2009, taken on June, from 5am to 9pm. It can be seen that high volume of vehicles 
are concentrated on city center. This distribution is in agreement with O3 level along with the proportion of NO2 and 
NO where the estimate on suburban area is lower than city center and highway. Also, it shows tight correlation 
between NO2 and traffic volume, in particular motorbike and private car. Higher traffic volume in highway, city 
center, and suburban2 area resulted higher concentration of NO2. 
 
  
(a) motorbike (b) private car 
Fig. 3. Traffic distribution with interpolation using IDW in Surabaya City of: (a) motorbike, (b) private car; y ordinal indicates 
vehicle volumes 
 
For SO2, which is mainly from fuel-related combustion activities, we found that the estimate was lowest in 
suburban1, while highest found on trading zone which makes sense since the zone consist of dense industrial 
activities. On the other hand, the estimate of PM10 is found to be highest on trading zone, clearly indicates high 
volume of activities e.g., transport, industries. 
Based on the observation on day-to-day variation result, Sunday was found to have lowest estimate for NO and 
NO2 (estimate -2.006 for NO2, statistically significant, Table 2), indicating lower activities of transportation. 
Moreover, we did not see clear pattern in regards of SO2, however, we found O3 on Sunday, Monday and Tuesday 
was found to be lowest compared other days, indicating a complex reaction in ozone formation and it takes time. 
The estimate for PM10 on Monday was observed to be lowest, although there was no significant difference was 
observed. The concentration tends to increase over time (daily) for O3 and SO2, indicating the increase of 
atmospheric problems in the future, if there is no sustainable environmental policy put into practice. The increase in 
O3 is in agreement with an increase of O3 in Jakarta (Nugroho et al., 2013). The negative estimate for NO and NO2 
are relatively small and not significant. We also found that there is an increase of concentration in wet season for 
NO, NO2, and O3, suggesting there is an increase of chance of smog occurs. The emission may come from a traffic 
behavior that is affected by local weather condition, e.g., rain. As expected for PM10, since they are inert particle, 
droplets in wet season helps in the deposition of PM10. 
Not only concentrations were affected by spatial and temporal, the interaction between pollutants has significant 
roles. Based on the interaction estimate, we summarize that using monthly timescale (Table 3), the increase of NO 
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and NO2 concentration may lead to the decrease of O3 formation, although O3 is affected by ratio of NO and NO2. 
Interaction with NO for pollutants NO2, O3, SO2, and CO is statistically significant using 30-mins data. The positive 
dependency of O3 production on the solar radiation and the negative relationships with NO2 are due to the NO2 
photolysis process (Monoura, 1999). O3 is also weakly affected by CO, which is in agreement with Monoura (1999). 
Judging interaction of SO2 with other pollutants, we conclude that only CO has negative estimate to SO2 with 
estimate -5.31e-01 (statistically significant). It appears that NO and O3 have significant interaction with SO2. 
Madhavi Latha and Highwood (2006) found that there is positive correlation between PM10 and SO2 concentrations 
over UK study area. SO2 has negative impact to the concentration of CO. 
Wind speed, global radiation and temperature have positive estimates for NO, indicating that the increase of 
those variables will increase the concentration. For NO2, except wind direction, wind speed, global radiation, 
humidity, and temperatures have negative impact. The increase of those four variables will decrease the 
concentration of NO2. O3 is negatively affected by wind speed and humidity with estimates, -2.077e-01 and -4.267e-
02, respectively, all statistically significant. However, O3 is positively relevant with global radiation, which in 
agreement with Monoura (1999), and also positively correlated with temperature (Han, 2011).  
 
Table 2. Estimation result of multilevel model using 30-mins data 
Parameter NO NO2  O3 SO2 CO PM10 
Fixed Part       
Intercept 2.9e-01 
(2.53) 
18.5 
(17.25) 
2.43 
(18.45) 
4.20 
(27.38)  
4.91e-02 
(2.82) 
1.47e+01 
(69.63) 
Spatial (D) with city center:0 
Trading 2.79e-01 
(13.66)  
-4.3 
(-22.44) 
3.44e-01 
(14.65) 
1.1e-01 
(1.04) 
-4.12e-02 
(-13.25) 
9.55e-01 
(31.60) 
suburban1  (Sukomanunggal) -2.52e-01 
(-12.03)  
0.55 
(2.81) 
3.62e-01 
(15.02) 
-7.83e-01 
(-7.42) 
-1.36e-02 
(-4.28)  
5.9e-01 
(18.93) 
Highway 2.14e-01 
(10.40) 
0.13 
(0.67) 
4.66e-02 
(1.97) 
-1.02 
(-9.70)  
3.20e-02 
(10.24) 
1.1 
(36.10)  
Suburban2 (Sukolilo) 3.18e-01  
(14.94) 
-3.59 
(-17.97) 
1.06 
(43.50) 
-1.13 
(-10.73) 
5.04e-03 
(1.55) 
1.15e-01 
(3.70) 
Days (Dummy) with Monday: 0 
Sunday -2.02e-01 
(-15.90) 
-2.41 
(-20.20) 
-3.92e-02 
(-2.68) 
9.92e-02 
(6.56)  
4.2e-02 
(21.71) 
8.75e-02 
(3.68) 
Tuesday 6.54e-02 
(5.17) 
0.18 
(1.54) 
-8.85e-03 
(-0.61) 
-1.26e-02 
(-0.84) 
-1.14e-02 
(-5.92) 
2.63e-02 
(1.11) 
Wednesday 6.74e-02 
(5.30) 
1.05 
(8.83) 
6.50e-02 
(4.45) 
2.39e-03 
(0.16)  
-1.71e-02 
(-8.86)  
1.1e-01 
(4.61) 
Thursday 1.12e-01 
(8.84) 
1.26  
(10.53) 
1.73e-01 
(11.88) 
-4.59e-02 
(-3.05) 
-1.39e-02 
(-7.18) 
2.92e-01 
(12.28) 
Friday 9.65e-02 
(7.63) 
1.4 
(11.77) 
6.48e-02 
(4.46) 
-7.43e-02 
(-4.95) 
-1.48e-02 
(-7.71) 
1.65e-01 
(6.95) 
Saturday 8.81e-02 
(6.95) 
0.52  
(4.39) 
1.22e-01 
(8.35) 
-1.81e-02 
(-1.20) 
-6.75e-03 
(-3.50) 
2.25e-01 
(9.47) 
Day (temporal) -4.77e-04 
(-21.64) 
-0.004  
( -17.84) 
3.26e-04 
(12.86) 
3.31e-03 
(135.89)  
-1.06e-04 
(-31.64) 
-3.80e-04 
(-10.00) 
Seasonal (Dummy): 
Dry: 0; Wet: 1 
2.79e-01 
(33.40) 
0.25  
(3.17) 
4.28e-01 
(44.78) 
-6.56e-02 
(-6.61) 
-1.12e-02 
(-8.79) 
-5.70e-01 
(-36.88) 
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Table2. Estimation result of multilevel model using 30-mins data (Continue) 
Parameter NO NO2  O3 SO2 CO PM10 
Interaction:       
i) NO - 0.23 
(8.39) 
-4.85e-01 
(-159.90) 
2.85e-01 
(85.18) 
7.74e-02 
(203.32)  
- 
ii) NO2 2.60e-03 
(8.39) 
- 5.22e-03 
(14.63)  
4.08e-02 
(117.00) 
7.92e-03 
(192.33) 
- 
 
iii) O3  -3.67e-01 
(-159.90) 
0.35 
(14.63) 
- 1.53e-01 
(51.54) 
1.77e-02 
(46.38) 
- 
iv) SO2   2.03e-01 
(85.18) 
2.55 
(117.00) 
1.44e-01 
(51.54)  
- -8.72e-03 
(-23.42) 
- 
v) CO 3.35 
(203.32) 
30.16 
(192.33) 
1.01 
(46.38) 
-5.31e-01 
(-23.42) 
- - 
Meteorological:       
Wind Direction 2.6e-03 
(54.06) 
0.013 
(29.73) 
-8.56e-04 
(-15.33) 
1.11e-03 
(19.25) 
-3.12e-04 
(-42.61) 
4.99e-03 
(56.53) 
Wind Speed 1.21e-01 
(20.84) 
-0.76  
(-13.96) 
-2.08e-01 
(-31.17) 
-3.27e-01 
(-47.84) 
-4.04e-02 
(-46.09)  
-8.26e-01 
(-80.20) 
Global radiation 8.27e-04 
(43.51) 
-0.0045 
(-25.22) 
1.21e-03 
(55.78) 
1.96e-04 
(8.63)  
-1.30e-04 
(-45.22) 
-1.64e-04 
(-4.74) 
Humidity -5.41e-03 
(-11.42) 
-0.2 
(-46.71) 
-4.27e-02 
(-80.51) 
-6.80e-03 
(-12.12) 
3.13e-03 
(43.83) 
-2.70e-02 
(-32.00) 
Temperature 1.05e-02 
(3.50) 
-0.64  
(-22.92) 
2.12e-01 
(62.40) 
-6.87e-02 
(-19.33) 
1.19e-02 
(26.07)  
-1.93e-01 
(-35.14) 
Effect of long holiday (dummy: non-long holiday: 0)    
Long holiday 4.38e-02 
(2.57) 
-1.22 
(-7.64) 
2.02e-01 
(10.32) 
-2.79e-01 
(-13.87) 
-3.62e-03 
(-1.40) 
-9.54e-01 
(-30.31) 
Peak event (D) non-peak time:0 
Peak morning time -4.47e-01 
(-41.31) 
1.91  
(18.72) 
3.12e-01 
(24.96) 
6.05e-01 
(47.31) 
1.44e-01  
(89.88) 
2.11 
(113.89)  
Peak evening time -0.3 
(-24.15) 
3.64  
(31.36) 
-2.33e-01 
(-16.29) 
-2.25e-01 
(-15.24) 
4.82e-02 
(25.54) 
1.86e-01 
(8.04) 
Random Part       
Between Stations 0.00015 0.013 0.0002 0.0055 3.54e-06  0.0000  
Within Stations 1.36 119.26 1.8 1.91 3.13e-02 4.94 
Model Performance      
AIC 370921  898812  403718  411042  -73444  542992  
BIC 371182  899073  403979  411304  -73183   543215  
-2 * Log likelihood -185433 -449379 -201832 -205494 36749 -271473 
(t-test in parentheses) 
 
The increase of NO, NO2, SO2, and PM10 is consistent with the increased frequency of stronger easterly winds. 
The decrease of O3 and CO is consistent with the increase frequency of stronger westerly winds. Estimates of daily 
average concentrations of all pollutants are significantly affected by temperature. We note an increase of mean 
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temperature over 20 months of observations of all locations (not shown). It is therefore necessary to add green 
spaces to balance and attenuate temperature as related to urban heat island subject, also green spaces will assist the 
reduction of emission (Table 3). To confirm the necessity of central government policy regarding long holiday, we 
include it to the model and the result suggests a decrease of concentration during holiday (NO2), which fits our 
initial expectation. Usually in long holiday, people tend to have trip outside the city, therefore causing an increase of 
traffic volume before the holiday and at the last day of holiday. The estimate for SO2 and PM10 are negative (-0.278 
and -0.8872, statistically significant). The decreases of transport and industrial activities have positive contribution 
to the decrease of PM10 concentration. 
 
Table 3. Estimation result of multilevel model using monthly interval data 
Parameter NO NO2  O3 SO2 CO PM10 
Fixed Part       
Intercept -1.18e-01 
(-0.061) 
2.52e+01 
(1.2) 
9.79 
(3.26) 
-4.47e-01 
(-0.087) 
-8.21e-02 
(-0.29) 
1.76e+01 
(5.61) 
Land use       
Trade and services 1.42e-05 
(2.51) 
-1.20e-04 
(-1.93) 
7.92e-07 
(0.083) 
4.10e-05 
(2.76) 
3.74e-07 
(0.45) 
-2.81e-05 
(-3.02) 
Public facilities -4.01e-07 
(-0.24) 
6.76e-07 
(0.04) 
-6.76e-07 
(-0.25) 
6.3e-07 
(0.14) 
6.24e-07 
(2.71) 
3.80e-07 
(0.14) 
Green spaces -3.21e-06 
(-2.2)  
3.63e-05 
(2.29) 
3.61e-06 
(1.49) 
-1.39e-05 
(-3.77) 
-4.69e-07 
(-2.24) 
-5.88e-06 
(-2.85) 
Residentials -3.17e-06 
(-3.35) 
2.90e-05 
( 2.77) 
-1.00e-06 
(-0.61) 
-5.47e-06 
(-2.10) 
2.3e-07 
(1.61) 
-9.37e-08 
(-0.062) 
Seasonal (Dummy): 
Dry: 0; Wet: 1 
2.08e-01 
(1.605) 
3.84 
(2.81) 
6.1e-01 
(2.98) 
-5.43e-01 
(-1.58) 
-2.88e-02 
(-1.55) 
2.14e-01 
(1.03) 
Interaction:       
i) NO - 2.02 
(1.75) 
-6.02e-01 
(-3.64) 
3.52e-01 
(1.23) 
7.38e-02 
(5.54) 
- 
ii) NO2 1.71e-02 
(1.75) 
- -1.91e-02 
(-1.18) 
9.14e-02 
(3.72) 
6.57e-03 
(5.3) 
- 
iii) O3 -2.24e-01 
(-3.64) 
-8.42e-01 
( -1.18) 
- 7.75e-01 
(5.02) 
1.67e-02 
(1.8) 
- 
iv) SO2   4.99e-02 
(1.23) 
1.53 
(3.72) 
2.95e-01 
(5.02) 
- -1.76e-02 
(-3.19) 
- 
v) CO 3.6 
(5.54) 
3.78e+01 
(5.3) 
2.18 
(1.8) 
-6.05 
(-3.19) 
- - 
Meteorological:       
Wind Direction 9.57e-04 
(0.53) 
-3.97e-03 
(-0.20) 
-5.89e-05 
(-0.02) 
3.04e-03 
(0.63) 
-4.32e-04 
(-1.70) 
-5.69e-03 
(-1.86) 
Wind Speed -1.06e-02 
(-0.14) 
2.12e-01 
(0.26) 
-2.86e-01 
(-2.39) 
-2.67e-01 
(-1.34) 
-9.66e-03 
(-0.9) 
1.53e-01 
(1.25)  
Global radiation 2.31e-03 
(2.33) 
2.54e-03 
(0.23) 
4.07e-03 
(2.53) 
-1.11e-02 
(-4.57) 
-1.72e-04 
(-1.19) 
1.60e-03 
(1.02) 
Humidity 3.3e-02 
(2.46) 
-7.54e-01 
(-5.96) 
-5.95e-02 
(-2.73) 
4.1e-02 
(1.12) 
5.97e-03 
(3.18) 
-5.5e-02 
(-3.46) 
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Table 3. Estimation result of multilevel model using monthly interval data (Continue) 
Parameter NO NO2  O3 SO2 CO PM10 
Temperature -4.39e-02 
(-0.78) 
-1.63e-01 
(-0.27) 
-3.92e-02 
(-0.42) 
2.16e-01 
(1.46) 
6.42e-03 
(0.8) 
-1.75e-01 
(-1.78) 
Random Part       
Between Stations 0.0088  1.038 0.023 0.062 0.00018 0.028 
Within Stations 0.066 7.76  0.176 0.464 0.00135 0.21 
Performance Criterion      
AIC 201.5  602.3  284.4  365.5  -124.9  283.6  
BIC 245.8  646.5  328.6  409.8  -80.66   317.5  
-2 * Log likelihood -83.74 -284.1 -125.2 -165.8 79.47 -128.8 
(t-test in parentheses) 
 
The increase of NO, NO2, SO2, and PM10 is consistent with the increased frequency of stronger easterly winds. 
The decrease of O3 and CO is consistent with the increase frequency of stronger westerly winds. Estimates of daily 
average concentrations of all pollutants are significantly affected by temperature. We note an increase of mean 
temperature over 20 months of observations of all locations (not shown). It is therefore necessary to add green 
spaces to balance and attenuate temperature as related to urban heat island subject, also green spaces will assist the 
reduction of emission (Table 3). To confirm the necessity of central government policy regarding long holiday, we 
include it to the model and the result suggests a decrease of concentration during holiday (NO2), which fits our 
initial expectation. Usually in long holiday, people tend to have trip outside the city, therefore causing an increase of 
traffic volume before the holiday and at the last day of holiday. The estimate for SO2 and PM10 are negative (-0.278 
and -0.8872, statistically significant). The decreases of transport and industrial activities have positive contribution 
to the decrease of PM10 concentration.  
In this model, we also investigate the distribution of concentration during peak time. The result is in agreement 
with our general assumption that the concentration during peak time are higher than non-peak time, even though we 
only observe tendency of O3 increase only during morning peak time. The estimate of NO2 in the morning is 
positive (statistically significant). In the evening, the estimate is also positive. Another observation regarding the 
effect of land use towards the concentration is we note that the concentration of ozone is negatively relevant with 
public facilities and residential (Table 3), vice versa for trade and services and green spaces. Zhang and Oanh (2002) 
noted that O3 concentrations tend to be lower on locations that are marked by high traffic volume and curbside, 
where O3 destruction is significant. The result indicates quite markable traffic on public facilities and residential 
land use. 
5. Conclusion 
The present study analyzes factors that affecting concentrations of six air pollutants in Surabaya City: NO, NO2, 
O3, SO2, CO, and PM10 measured over 607 complete days from February 2001 to September 2002. Diurnal analysis 
figures show seasonal pattern of all air pollutants, we observe high concentration located on highway zone. The 
result from multilevel model shows that the air quality related to traffic volume (NO2) is generally lower in suburban 
area (Sukomanunggal) and concentrations has positive correlation with traffic volume. We observe the traffic 
volume is relatively high on city center, highway, and suburban2 zones and from the model the estimates over these 
zones are high. Important note taken is traffic volume has positive relationship with traffic-related emission.  
We observe high interaction relationship between NO, NO2, and O3. Since there is a tendency for temporal 
increase of O3, not only policy related to vehicles must be issued due to the increase of traffic-related emission, but 
land use management is crucial. Adding green spaces is important as it will help reducing temperature in many spots. 
Temporally, the concentration of NO and NO2 in Sunday are lowest suggesting a decrease of traffic volume. This is 
also in agreement with O3 concentrations. However, we did not see significant difference for PM10 indicating more 
complex sources of PM10. The trend of air pollution in Surabaya indicates a strong increase in daily concentration 
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proportionally to the growth of Surabaya’s vehicle volumes as well as in wet season. The multilevel result shows 
that variation shares based on location are negligible. Observations of concentration are highly influenced by factors 
that are dynamic on each station which have not been fully explained in this study.  
Finally, it must be noted that there are limitations in the discussion presented here which will be taken next step. 
Here we, initiate for the first time, obtain the effect of all spatio-temporal variables along with meteorological and 
interaction variables using full 30-mins interval data to the concentration of six main air quality parameters. Also, 
the result of positive relationship between concentration of pollutants and traffic volume lead us to the development 
of spatio-temporal prediction model integrated with traffic-related vehicle type covariates. Prediction model based 
on more comprehensive and plausible factors (land use) will be discussed and presented in the near future. 
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